Certain edible large jellyfishes belonging to the order Rhizostomeae are consumed in large quantities in China and Japan. The exumbrella part of the edible jellyfish Stomolophus nomurai was cut and soaked in dilute hydrochloric acid solution (pH 3.0) for 12 h, and heated at 121 C for 20 min. The immunostimulation effects of the jellyfish extract were examined. The jellyfish extract enhanced IgM production of human hybridoma HB4C5 cells 34-fold. IgM and IgG production of human peripheral blood lymphocytes (PBL) were also accelerated, 2.8-and 1.4-fold respectively. Moreover, production of interferon (IFN)-and tumor necrosis factor (TNF)-by human PBL was stimulated 100-and 17-fold respectively. Collagenase treatment inactivated the immunostimulation activity of the jellyfish extract. In addition, purified collagen from bovine Achilles' tendon accelerated IgM production of hybridoma cells. These facts mean that collagen has an immunostimulation effect, and that the active substance in jellyfish extract is collagen.
We screened immunoglobulin (Ig) production stimulating factors (IPSFs), which enhance Ig production of hybridoma cells and lymphocytes. As a result of our investigations, several substances were identified as IPSFs. For instance, lysine-rich histones and poly-lysine accelerated IgM production by human-human hybridoma HB4C5 cells. 1) Some IPSFs were found in foodstuffs. We have reported that rice fermented seasoning enhanced Ig production of human peripheral blood lymphocytes (PBL).
2) The active substance in the rice fermented seasoning was estimated to be a sort of lipid. Hen egg white lysozyme (EC 3.2.1.17) was also identified as an IPSF and the mode of action was investigated. [3] [4] [5] Lysozyme enhanced Ig production by HB4C5 cells in a dose-dependent manner, and production was accelerated 13-fold at 380 mg/ml. This enzyme also stimulated IgM and IgG production of human PBL 5.3-and 2.3-fold respectively. This result indicates that lysozyme stimulates Ig production not only of a specified hybridoma line, but also of non-specified Ig producers. Lysozyme enhanced Ig production without growth promotion activity. This means that the enzyme stimulates protein synthesis activity to facilitate Ig production in the cells. Indeed, lysozyme facilitated the translation activity of hybridoma cells to enhance Ig productivity. 4) Since lysozyme is a basic protein, we screened some basic proteins as IPSFs. It was found that several basic proteins and poly-basic amino acids facilitated Ig production of HB4C5 cells. 6) Hence we focused on collagen, which is a basic protein.
In addition, we selected edible jellyfish as a source of collagen. Jellyfish are planktonic marine members of a group of invertebrate animals composed of about 200 described species of the class Scyphozoa (phylum Cnidaria) or the class Cubozoa. Jellyfish is a very important foodstuff in Asia, especially in China and Japan. Only jellyfish belonging to the order Rhizostomeae are harvested for food. The rhizostomes are favored because they are typically larger and have more rigid bodies than other scyphozoan orders. The edible jellyfish are composed of five to seven species, including Lobonema smithi, Lobonemoides gracilis, Rhopilema esculentum, Rhopilema hispidum, and Nemopilema nomurai. Regardless of their size or shape, most jellyfish are very fragile containing more than 95% water.
In this study, we focused on the immunostimulation activity of an extract of edible jellyfish Nemopilema nomurai, because the jellyfish is an unknown subject as a source of substances possessing biological functions.
Materials and Methods
Reagents. Lipopolysaccharide (LPS) from E. coli was purchased from Sigma (St. Louis, MO), and human interferon (IFN)-and human tumor necrosis factor (TNF)-determination kits were purchased from Biosource International (Camarillo, CA). Collagen from bovine Achilles' tendon was purchased from Nakarai Tesque (Kyoto, Japan). Collagenase from Streptomyces parvulus subsp. citrinus was from Nitta Gelatin (Osaka, Japan).
Preparation of jellyfish extract. The extraction procedure was designed to obtain collagen and collagenlike substances from jellyfish. Five g of the exumbrella part of jellyfish (Nemopilema nomurai) was cut into small pieces and extracted with 50 ml of diluted hydrochloric acid (pH 3.0) for 12 h, and heated at 121 C for 20 min. Insoluble substances were removed by centrifugation at 8;000 Â g for 20 min. The supernatant was collected and dialyzed against 10 mM sodium phosphate buffer (NaPB) (pH 7.4), and sterilized by filtration. Concentration of the jellyfish extract was indicated as protein content.
Cells and cell culture. Human-human hybridoma HB4C5 cells producing monoclonal IgM were used for assay of Ig production stimulating activity. The HB4C5 cell line was a fusion product of a human B lymphocyte from a lung cancer patient and a human fusion partner, NAT-30. 7) HB4C5 cells were cultured in ERDF medium (Kyokuto Pharmaceutical, Tokyo) supplemented with 10 mg/ml of insulin (Sigma), 20 mg/ml of transferrin (Sigma), 20 mM ethanolamine (Sigma), and 25 nM selenite (Sigma) (ITES-ERDF) at 37 C under humidified 5% CO 2 -95% air.
8) The doubling time of HB4C5 cells was calculated by the following formula:
where dt = doubling time (h), t = time (h) between cell counts Ct and Co, Co = initial cell density, and Ct = cell density after time t. Human PBLs were obtained from peripheral blood of a healthy male donor, as described in a previous report. 3) Briefly, peripheral blood diluted with an equal volume of phosphate buffered saline (PBS) was centrifuged at room temperature for 30 min on lymphocyte separation medium (Nycomed Pharma, Oslo, Norway). Following washing with ERDF medium 3 times, PBLs were precultured in ERDF supplemented with 10% fetal bovine serum for 1 d to remove adhesion-dependent cells, such as monocytes and fibroblasts. After pre-culture, PBL were inoculated in ITES-ERDF medium containing 10.0 mg/ml of LPS to determine the immunostimulation activity of the jellyfish extract against human PBLs.
Assay of the Ig production stimulating activity of the jellyfish extract. The Ig production stimulating activity was examined by measuring the amount of Ig secreted by HB4C5 cells or human PBLs in culture media. HB4C5 cells and human PBLs were inoculated in ITES-ERDF medium containing jellyfish extract. An assay of the Ig production stimulating activity was performed in a 96-well culture plate. HB4C5 cells and human PBL were inoculated at 5 Â 10 4 cells/ml and 1 Â 10 6 cells/ ml respectively. After cultivation in a CO 2 incubator at 37 C, the amount of Ig secreted in each culture medium was determined by enzyme-linked immunosorbent assay (ELISA), using anti-human IgM or IgG antibody (Biosource International, Camarillo, CA) as mentioned in a previous report.
1) Briefly, goat anti-human IgM or IgG antibody solution at 1.0 mg/ml (Cappel, Durham, NC) was added to a 96-well plate at 100 ml/well and incubated for 2 h at 37 C. After washing with 0.05% Tween20-PBS (T-PBS) three times, each well was blocked with 1.0% bovine serum albumin (BSA)-PBS solution for 2 h at 37 C. Following blocking reaction, each well was treated with 50 ml of culture supernatant for 1 h at 37 C. The well was then treated with 100 ml of horseradish peroxidase (HRP)-conjugated anti-human IgM or IgG antibody (Biosource International) diluted 1,000 times with 1.0% BSA-PBS for 1 h at 37 C. Then 0.6 mg/ml of 2,2 0 -azino-bis(ethylbenzothazoline-6-sulfonic acid diammonium salt) (ABTS) dissolved in 0.03% H 2 O 2 -0.05 M citrate buffer (pH 4.0) was added to the well at 100 ml, and the absorbance at 415 nm was measured after the addition of 1.5% oxalic acid to terminate the coloring reaction at 100 ml. The Ig production assay was triplicated.
Assay of cytokine production stimulating activity of human PBL. An assay of cytokine production stimulating activity was performed in a 48-well culture plate. Human PBLs were inoculated at 1 Â 10 6 cells/ml in ITES-ERDF containing jellyfish extract and 10.0 mg/ml of LPS. Following cultivation in a CO 2 incubator at 37 C, IFN-and TNF-concentrations in the culture medium were measured using each determination kit (Biosource International) on the basis of ELISA. Determination of the amounts of these cytokines in the culture medium was triplicated.
Collagenase treatment. The jellyfish extract (1.6 mg/ ml protein) was treated with 25 and 250 mg/ml of collagenase for 10 min at 37 C. The collagenase does not have trypsin-like activity, and only very low protease activity against collagenase activity. The enzyme reaction was terminated by heating at 100 C for 2 min.
Statistical analysis. Results are expressed as means AE standard deviation (SD). Tukey's test was used to assess the statistical significance of the difference. Each of the value p < 0:01 Ã and p < 0:001 ÃÃ was considered to be statistically significant.
Results
The effect of jellyfish extract on IgM production of HB4C5 cells HB4C5 cells were inoculated at 5 Â 10 4 cells/ml in ITES-ERDF medium supplemented with various concentrations of the jellyfish extract. After cultivation for 6 h, the amount of IgM in each culture medium was measured by ELISA. The jellyfish extract did not affect the determination of the amount of Ig by ELISA. As demonstrated in Fig. 1 , the jellyfish extract dosedependently stimulated IgM production of HB4C5 cells. IgM production of hybridoma cells was enhanced 34-fold at 85 mg/ml of protein concentration against the control medium.
Then the time-course effect of the jellyfish extract on IgM production of HB4C5 cells was examined. The extract was added to ITES-ERDF medium at 100 mg/ml of protein. HB4C5 cells were inoculated at 5 Â 10 4 cells/ml and cultured for 7 d. As indicated in Fig. 2 , the IgM production stimulating activity of the jellyfish extract was maintained for 7 d. Jellyfish extract stimulated cell growth of HB4C5 cells (Fig. 3) . By the addition of the jellyfish extract, the lag phase of cell growth at the beginning of culture was canceled. The doubling time of HB4C5 cells at growth phase between the second and the fifth d after inoculation was 26.7 h in jellyfish extract-supplemented medium, and that in the control medium was 30.0 h. The jellyfish extract stimulated growth ratio at growth phase. These results mean that jellyfish extract possesses growth promoter activity.
Effect of collagenase treatment of jellyfish extract on its activity
Because of the extraction pH (¼ 3:0) and temperature (¼ 121 C), it was expected that the active substance in the jellyfish extract is collagen or a collagen-related substance. Hence the IPSF activity of the jellyfish extract treated with collagenase was investigated. As indicated in Table 1 , the immunoglobulin production stimulating effect of jellyfish extract treated with 25 mg/ ml of collagenase was reduced by half, and that treated with 250 mg/ml was completely inactivated. These C under a humidified atmosphere of 5% CO 2 -95% air. The amount of IgM in the culture medium at each period was measured by ELISA. Results are represented as the means AE SD of three independent measurements. P < 0:01 Ã , p < 0:001 ÃÃ vs. control (Tukey's test).
results suggest that the active substance in jellyfish extract is collagen.
Effect of collagen on IgM production of HB4C5 cells
The IgM production stimulating activities of extracts from some other edible jellyfishes and collagen from bovine Achilles' tendon were examined. As shown in Table 2 , extracts prepared from Rhopilema esculentum and Stomolophus meleagris highly stimulated IgM production of HB4C5 cells, as much as the extract from Nemopilema nomurai. Bovine collagen from Achilles' tendon also stimulated production, but the specific activity of bovine collagen was about 1/6 that of jellyfish extract.
Effect of jellyfish extract on Ig production of human PBLs
The immunostimulating effect of jellyfish extract on Ig production by human PBLs was examined under 10.0 mg/ml of LPS stimulation. IgM production by human PBLs was facilitated 2.8-fold by 450 mg/ml of jellyfish extract as against the control medium (Fig. 4) . IgG production was also enhanced 1.4-fold at 450 mg/ml as against the control medium. This result means that jellyfish extract is effective not only on cell line, but also on Ig production of primary cultured PBLs.
Effect of jellyfish extract on cytokine production of human PBLs
Jellyfish extract stimulated Ig production by human PBLs as mentioned above. Hence the effect on typical cytokine production by human PBLs was examined. As shown in Fig. 5A , jellyfish extract stimulated IFNproduction about 100-fold with the addition of 250 mg/ ml. The time-course effect of jellyfish extract on IFNproduction was examined. As indicated in Fig. 5B , the stimulatory effect of jellyfish extract on the IFN-level was detected within 1 d, and a significant effect was observed at 2 d.
The effect of jellyfish extract on TNF-production of human PBLs was examined. As shown in Fig. 6 , 250 mg/ml of jellyfish extract stimulated TNF-production of human PBL about 17-fold under LPS stimulation, and this effect was observed 5 d. These results suggest that C under a humidified atmosphere of 5% CO 2 -95% air. Cell density was measured by hemocytometer, and cell viability was determined by a 0.1% trypan blue dye exclusion test. Results are represented as the means AE SD of three independent measurements. P < 0:01 Ã , p < 0:001 ÃÃ vs. control (Tukey's test). 
ÃÃ
Jellyfish extract (1.6 mg/ml protein) was treated with 25 and 250 mg/ml of collagenase for 10 min at 37 C. The enzyme reaction was terminated by heating at 100 C for 2 min. Following collagenase treatment, the jellyfish extract was added to ITES-ERDF medium, and HB4C5 cells were cultured for 6 h at 5 Â 10 4 cells/ml. IgM produced in the culture medium was determined by ELISA. Results are represented as the means AE SD of three independent measurements. p < 0:001 ÃÃ vs. intact extract (Tukey's test). Each jellyfish extract was prepared as described in ''Materials and Methods.'' Bovine Achilles' tendon collagen was dissolved in diluted hydrochloric acid (pH 3.0) and heated at 121 C for 20 min, and dialyzed against 10 mM NaPB. Jellyfish extract and bovine Achilles' tendon collagen were added to ITES-ERDF medium at 25 mg/ml, and HB4C5 cells were cultured for 6 h at 5 Â 10 4 cells/ml. IgM produced in culture medium was determined by ELISA. Results are represented as the means AE SD of three independent measurements. A, Human PBLs were inoculated at 1 Â 10 6 cells/ml in ITES-ERDF medium supplemented with 10, 50, and 250 mg/ml of jellyfish extract in the presence of 10.0 mg/ml of LPS, and cultured for 3 d. The closed circle represents control production of human PBL incubated in ITES-ERDF medium supplemented with 10 mM NaPB. B, Human PBLs were inoculated at 1 Â 10 6 cells/ml in ITES-ERDF medium supplemented with 250 mg/ml of jellyfish extract in the presence of 10.0 mg/ml of LPS, and cultured for 3 d. The closed circle represents control production of human PBL incubated in ITES-ERDF medium supplemented with 10 mM NaPB. Results are represented as the means AE SD of three independent measurements. jellyfish extract stimulates not only Ig producers, but also IFN-and TNF-producers.
Discussion
In this report, we present the immunostimulation effect of jellyfish extract. The preparation procedure of the extract reveals that the active substance in the extract is an extremely acid-and heat-stable substance. It is expected that the major component of the extract is collagen. In addition, the stimulatory effect of jellyfish extract on hybridoma HB4C5 cells was inactivated by collagenase treatment. These findings strongly suggest that the active substance in jellyfish extract is collagen. Indeed, bovine Achilles' tendon collagen facilitated IgM production of hybridoma, although the activity was much lower than that of jellyfish collagen. Jellyfish collagen enhanced not only IgM production of a human hybridoma cell line, but also IgM and IgG production of human PBLs. This result indicates that the extract stimulates Ig production not only of specified hybridoma line, but also of non-specified Ig producers. To investigate the effect of jellyfish collagen on other immune responses, we determined the effect of jellyfish collagen on cytokine production by human PBLs in vitro. As for the result, IFN-and TNF-production of human PBLs was significantly accelerated. These results suggest that jellyfish collagen facilitates the immune response in addition to antibody production. The detailed effect of jellyfish collagen on immune response is now under investigation.
Collagen is a well-characterized protein.
Collagen is a group of fibrous proteins of very high tensile strength that form the main component of connective tissues in animals. Type 2 collagen is widely used to induce arthritis in the mouse as a model of rheumatoid arthritis. 9, 10) In this model mouse, collagen may induce immunological effects leading to autoimmune and inflammatory responses.
11) Moreover, collagen is an important platelet agonist that is thought to be involved in the early stages of platelet activation during both hemostasis and thrombosis. 12, 13) Platelets interact with collagen through specific platelet receptors, most probably the integrin glycoprotein GPIa/IIa. 14) After adhesion to the receptor, a signal transmitted into the cells produces other signaling events, but the exact mechanism of the signal transduction by collagen is not completely clear. In addition, several investigators have shown that collagen activates platelets via tyrosine kinase-dependent phosphorylation of phospholipase C2. 15, 16) On the other hand, there is no report on the immunostimulation activity of collagen or gelatin. In particular, the bioactivity of collagen from jellyfish has not been discussed, even though jellyfish contains a great deal of collagen (more than 40% of dry weight). In this report, we propose an immunostimulation effect of collagen derived from jellyfish. The stimulation effect of collagen is irrespective of its origin, since we demonstrated the activity of bovine collagen. Hence it is possible that the immunostimulation effect is a common feature of the collagen molecule. This means that the immunological functions of collagen should be considered when collagen is used for studies of autoimmune and inflammatory responses. Human PBLs were inoculated at 1 Â 10 6 cells/ml in ITES-ERDF medium containing 250 mg/ml of jellyfish extract in the presence of 10.0 mg/ml LPS and cultured for 5 d, and the amount of TNF-was measured at each period. The closed circle represents control production of human PBL incubated in ITES-ERDF medium supplemented with 10 mM NaPB. Results are represented as the means AE SD of three independent measurements.
